The purpose of this research is to establish a decision model for improving the performance of solar farms. To investigate the interdependent interrelationship and influential weights among criteria for solar farms site selection, a hybrid MCDM model including decision-making trial and evaluation laboratory (DEMATEL) and DEMATEL-based analytic network process (DANP) based on geographical information systems (GIS) is utilized. The empirical results display that there are interdependence and self-effect relationships among criteria via DEMATEL technique. According to the influential network relation map (INRM), the dimension that administrators of solar energy industry should improve first when enhancing the performance of solar farms is orography. In the ten criteria, solar radiation is the most important criterion impacting solar farms site selection, followed by average temperature and distance to villages.
Introduction
Among the different types of renewable energy resources, photovoltaic (PV) solar energy is by far the largest exploitable resource for offering more energy in 1 hour to the earth than all of the energy consumed by humans in a whole year [1] . In addition, the PV solar market increased rapidly, because revenues created from the industry will achieve over US$100 billion before 2020 [2] . However, PV solar energy has not achieved adequate maturity, so great efforts are being made regarding lower manufacturing costs and higher efficiencies [3, 4] . Solar farms site selection becomes one of the most important issues for administrators of solar energy industry to maximize the performance of solar farms.
Previous studies regarding solar farms locations focused on considering simply what factors would influence solar farms [5, 6] , conveying what factors influence solar farms, and whether the impacts were positive or negative. These discoveries for building a decision model of solar farms site selection have little contribution to it. In addition, although the interrelationship and influential weights among criteria are extremely useful for the administrators to simultaneously consider interdependent multicriteria in real world, literatures concerning these problems are inadequate. Therefore, the purpose of this research is to construct a decision model for enhancing the performance of solar farms. The specific improvement process and influential weights of solar farms site will be explored by a hybrid multiple criteria decision making (MCDM) model based on geographical information systems (GIS).
In order to provide the administrators with the solution to these issues, a hybrid MCDM model combining decisionmaking trial and evaluation laboratory (DEMATEL) with DEMATEL-based analytical network process (DANP) is employed. The criteria of solar farms site are identified through GIS. According to the survey of experts, this paper adopts DEMATEL technique to probe into the interdependent decision making for constructing the influential network relation map (INRM). The strategies for improving the performance of solar farms can thus be obtained through 2 International Journal of Photoenergy the influence values of criteria in INRM. Subsequently, to solve the problems with interdependent criteria, the influential weights of solar farms site can be received via DANP derived from the basic concept of analytical network process (ANP) proposed by Saaty [7] .
Calculation Models and Methods

Criteria for Solar Farms Site Selection.
Industrial site selection is one of the fundamental decisions in the start-up process, expansion, or relocation. GIS are adopted combining with other systems and methods such as systems for decision making (DSS) and the method for MCDM. Synergistic effect is created in conjunction with these tools which contribute to the efficiency and quality of spatial analysis for industrial site selection [8] . Chen and Pang [9] proposed a fuzzy analytic network process (FANP) to investigate critical characteristics of successful PV solar energy industry and examined suitable forms of organization for knowledge management (KM) in order to distribute existing knowledge as well as to create new knowledge. Carrión et al. [10] used an environmental decision-support system (EDSS) for choosing optimal sites for grid-connected PV power plants. The system combined multicriteria analysis and the analytic hierarchy process (AHP) with GIS technology and took into account environment, orography, location, and climate factors in the meantime. Moreover, the combination of GIS and MCDM methods is used to acquire the assessment of the optimal placement of PV solar power plants. The exceptional tool can also be employed to analyze an extensive cartographic and alphanumeric database for simplifying problems to solve and promote the use of multiple criteria [11] . Uyan [12] indicated that solar energy investments have been expanded quickly in recent years. It is a crucial issue for huge solar farms investments to select location for the consideration of terrain, local weathering factors, proximity to high transmission capacity lines, agricultural facilities, and environmental conservation. Multiple criteria evaluation methods are often utilized for various site selection researches. The study determined proper site selection for solar farms by adopting GIS and AHP. Sánchez-Lozano et al. [13] revealed that great position with high percentages of potential solar radiation can host electricity generation plants via PV solar farms. The best plots suitable for installing PV solar farms are identified by employing GIS and classified according to multiple evaluation aspects by means of a multicriteria model.
By literature review, criteria affecting solar farms site selection for improving the performance of solar energy industry are arranged as follows. Solar farms site includes four dimensions: environment ( 1 ), orography ( 2 ), location ( 3 ), and climatology ( 4 ). To be specific, environment is affected by agrological capacity ( 1 ); orography is influenced by slope ( 2 ), orientation ( 3 ), and area ( 4 ); location is affected by distance to roads ( 5 ), distance to power lines ( 6 ), distance to villages ( 7 ), and distance to substations ( 8 ); climatology is influenced by solar radiation ( 9 ) and average temperature ( 10 ).
DEMATEL Method.
The DEMATEL method is utilized to probe into the problems of interdependent criteria for establishing the INRM [14, 15] . This method has been practically used in decision making problems of various fields, such as vendor selection for recycled material and the organic light emitting diode technology selection [16, 17] .
Experts with specialty of technology for PV solar energy and experience from solar energy industry including officials of Bureau of Energy, scholars of energy engineering, and managers of solar industry are invited to help carry out this research. Information required for sufficient evaluation of solar farms site is collected by utilizing interviews and filling suitable questionnaires. In the questionnaires, a scale of 0, 1, 2, 3, and 4 presents the degree from "no influence" to "very high influence. " In addition, the confidence level for experts is tested (97.638%) in this real case of fifteen experts by this research.
The technique is introduced as follows: in the first place, the influence matrix is received by scores. The related experts are asked to indicate the degrees of influence among criteria, that is, to point out how much the criteria affect each other. The influence matrix A can thus be obtained. Secondly, the normalized influence matrix G can be calculated by utilizing (1) and (2) to normalize A:
Thirdly, the total influence matrix T can be acquired via the formula
× , where I denotes the identity matrix. The fourth step is to use (3) and (4) to construct the INRM through vectors r and d (the sums of the rows and columns separately within the total influence matrix T = [ ] × ):
where the superscript stands for transpose. If represents the row sum of the th row in matrix T, then reveals the sum of direct and indirect influences of criterion on the other criteria. Also, if stands for the column sum of the th column of matrix T, then displays the sum of direct and indirect effects that criterion has obtained from the other criteria. Furthermore, when = , the sum of the row and column aggregates ( + ), which presents the giving and received degree of influences; that is, ( + ) shows the intensity of the important role that the th criterion plays in the problem. When ( − ) is positive, the th criterion influences other criteria. On the contrary, if ( − ) is negative, other criteria influence the th criterion (i.e., th criterion receives influence from other criteria). Therefore, 
DANP Method.
Comparing with [11] [12] [13] , the advantage of the proposed model is to improve the equal weighting assumption of the traditional method for solving complicated problems in influential weights [16] . ANP was developed by Saaty [7] to reduce the limitations of the AHP and to determine nonlinear and complicated network relationships. Therefore, after investigating the influential relationship, this study integrates DEMATEL with basic concept of ANP (called DEMATEL-based ANP, DANP) to obtain the influential weights of criteria [20] . The DANP includes four steps. First, build the influence network structure based on DEMATEL. Second, find the unweighted supermatrix. The total influence matrix T presented in (5) is derived from DEMATEL: . . .
Normalize each level of T by using the total degree of influence to obtain T via T = ...
where T 11 can be calculated through (7) and (8); by the same way, T can be obtained:
The unweighted supermatrix can be acquired by adopting the interdependent relationship in group to array T via ...
where W 11 is exhibited by (10) and W can be obtained in the same way. A blank space or 0 in the matrix stands for 4 International Journal of Photoenergy independence of the group of criteria or a single criterion in relation to other criteria. Consider
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The third step is to calculate the weighted supermatrix. The total influence matrix of dimensions T is acquired by (12) . Utilize the total degree of influence to normalize each level of T through (13) to receive T :
The weighted supermatrix W can be obtained by normalizing T into the unweighted supermatrix W displayed in
Fourthly, receive the influential weights of DANP. The weighted supermatrix W is multiplied by itself enough times to calculate the limit supermatrix according to the concept of Markov Chain. The influential weight of criteria can thus be calculated by lim → ∞ (W ) . The influential weights of DANP are received by the limit supermatrix application W with power , a large enough integer, until the supermatrix W has converged and turns a long-term stable supermatrix to acquire the global priority vectors.
Results and Discussion
Establishing the INRM for Comprehending the Interrelationship.
The DEMATEL technique is used to investigate the problems of interdependence and feedback among ten criteria from a literature review. Thereafter, the study construction of the influence network is displayed as Figure 1 . The influence matrix A is displayed in the beginning (Table 1) . Second, the normalized influence matrix G exhibited in Table 2 can be obtained using (1) . Thirdly, the total influence matrix T shown in Table 3 is calculated via (3). The INRM of influential interrelationship for solar farms site is eventually constructed by the vector r and vector d (Table 4) derived from the total influence matrix T shown in Figure 2 .
Calculating Influential Weights of Criteria for Decision
Making. DANP is utilized by this study to obtain the level of influential weights of ten criteria for solar farms site selection shown in Tables 5, 6 , and 7 based on the construction of the influence network from DEMATEL. The empirical findings present that experts pay more attention to solar radiation ( 9 ), temperature ( 10 ), and distance to villages ( 7 ); however, less on orientation ( 3 ) and distance to power lines ( 6 ). The outcomes reveal that the level of influential weights is much higher in solar radiation, temperature, and distance to villages. More specifically, solar radiation gets the highest influential weight of 0.12, followed by temperature (0.116) and distance to villages (0.103). Moreover, the level of influential weight of orientation and distance to power lines is relatively lower averaging 0.09. When comparing criteria within dimension, the influential weight of agrological capacity is 0.097 in the dimension of environment ( 1 ). Experts think area is the most important criterion in the dimension of orography ( 2 ). As for location ( 3 ), the influential weight of distance to villages is the highest. Solar radiation is regarded by experts as the most important criterion in the dimension of climatology ( 4 ). Received results present that solar radiation (ranked top one) is the last criterion which can be neglected when improving the performance of solar farms. Experts are much concerned with dimension of climatology ( 4 ) in that the mean (0.118) of its criteria is much higher than others in the standpoint of dimensions.
In addition, this study collects comparative data from three different regions of China for empirical analysis by the purposed model to reveal the improving of the performance of solar farms site, because China has one of the biggest 
; that is, confidence is 97.368%, where = 15 denotes the number of experts and is the average influence of criterion on ; n denotes the number of criteria, here = 10 and × matrix. Second, the most important criterion found by DANP when improving solar farms is solar radiation ( 9 ), whose influential weight equals 0.12. It plays a significant role in the effective functioning of a prosperous solar energy industry. To follow the arc of the sun for generating the optimal amount of power, solar panels are typically mounted on rotating towers. Therefore, solar farms should better situate panels to make the most of the available solar radiation.
Conclusions
The proposed hybrid MCDM model based on GIS can be applied by managers of solar energy industry worldwide. They can adjust the influential weights of the ten criteria according to the situations of various countries to obtain valuable information for decision making when improving the performance of solar farms. Moreover, they can select a potential base to evaluate if it is suitable or not.
Furthermore, only few preceding study attempts are concerned about the interdependent interrelationship among criteria and the influential weights of criteria. This study thus proposes a hybrid MCDM model based on GIS and explores the perspectives of employing experts for examining these issues for solar farms. Associating past theoretical research with opinions of professional and experienced experts makes the proposed model a more suitable tool for improving solar farms site selection. It is not provided by preceding study attempts. This study mainly utilizes a hybrid MCDM model based on GIS for exploring solar farms site, so some critical factors (e.g., incentive from government and purchase price for electricity from utility) can be included by taking extra dimensions into consideration to make the research more complete in the future.
